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ABSTRACT  This study demonstrates that lakes located near the
coast, close to large bodies of water, can document sea-level fluctu-
ations and the subtle sea-land interaction that governs coastal areas.
At Island Lake, located close to the head of Baie des Chaleurs, north-
ern New Brunswick, the postglacial marine transgression corresponds
with a reversal from a cold and dry herb and shrub tundra environment
to open pioneer forest that was warmer and wetter. Successive incur-
sions of poplar/aspen and spruce were succeeded by boreal forest
dominated by spruce, alder and birch. A forest dominated by alder
and fir, indicators of wetter and even colder local conditions followed.
Paleoclimatic reconstruction inferred from pollen stratigraphy indi-
cates that an early warming period culminating ca. 9450 BP, was fol-
lowed by a period when temperatures remained cool. At the same
time, the annual precipitation rose sharply, suggesting increased avail-
ability of moisture in this area. This is interpreted as a cooling effect
due to the proximity to a large body of water to the study site and is
attributed to the marine transgression into Baie des Chaleurs follow-
ing the discharge of glacial lakes Agassiz and Barlow-Ojibway into
the Great Lakes and Goldthwait Sea and the isostatic adjustment of
the landmass.The cooling effect was recorded by a vegetation change
from ca. 9450 to 8100 BP. Within that period, from ca. 8500 to
ca. 8400 BP, the vegetation did not record the effect of the proximity
to the sea. This period is postulated to be a period of low water levels
in the Baie. Recovery to the regional climate norm occurred after
8100 BP when the climate was warmer than today. Since then the cli-
mate gradually cooled.
RÉSUMÉ  Histoire de la végétation postglaciaire, du climat et de l’inter-
action terre-mer au lac Island, baie des Chaleurs, Nouveau-Brunswick,
établie à l’aide d’analyses polliniques. Cette étude démontre que des
lacs situés à proximité de vastes étendues d’eau peuvent fournir des
informations sur les variations antérieures du niveau marin et les sub-
tiles interactions terre-mer qui régissent les régions côtières. Au lac
Island, à l’amont de la baie des Chaleurs, dans le nord du Nouveau-
Brunswick, pendant que se produisait la transgression marine post-
glaciaire, la toundra froide et sèche à herbes et arbustes a été rempla-
cée par une forêt pionnière plus chaude et plus humide. Après des
incursions successives de peupliers/trembles et d’épinettes, une forêt
boréale dominée par l’épinette, l’aulne et le bouleau s’est établie. Par la
suite, une forêt où dominaient l’aulne et le sapin, indices de conditions
locales plus humides et froides, s’est installée. Les reconstructions
paléoclimatiques basées sur la stratigraphie pollinique mettent en
lumière l’existence d’une période de réchauffement hâtive culminant
vers 9450 BP, suivie d’une période pendant laquelle la température s’est
refroidie. Parallèlement, les précipitations annuelles ont rapidement aug-
menté, ce qui suggère un accroissement de l’humidité régionale. Le
refroidissement découlerait de la présence d’une vaste étendue d’eau
à proximité du site d’étude; celui-ci aurait été causé par une transgres-
sion marine dans la baie des Chaleurs survenue à la suite de la
décharge des lacs Agassiz et Barlow-Ojibway dans les Grands Lacs et
la mer de Goldthwait due au redressement isostatique du continent.
Des changements dans la composition végétale reflètent ce refroidis-
sement entre 9450 et 8100 BP, sauf vers 8500 à 8400 BP, période durant
laquelle la baie présentait probablement un bas niveau d’eau. Un retour
aux conditions climatiques régionales normales s’est produit après
8100 BP, époque à laquelle la température était plus chaude qu’au-
jourd’hui. Depuis cette période, le climat se refroidit graduellement.
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INTRODUCTION 
Palynologic and paleoclimatic investigations at Island Lake,
near Baie des Chaleurs, New Brunswick, were undertaken
with three purposes: 1) fill an important gap in knowledge of
the paleoenvironmental history of New Brunswick since no
complete palynological investigation has been published for
the northern part of the province; 2) test the effect on the regio-
nal climate of the discharge of glacial lakes Agassiz and
Barlow-Ojibway via the Great Lakes into the Goldthwait Sea,
from about 9600 to 8300 BP (Anderson and Lewis, 1992;
Anderson, personal communication, 1993); 3) determine if
terrestrial environments can record sea-level fluctuations and
document the low water stage reported by Syvitsky (1992) for
the Baie des Chaleurs following ice retreat and isostatic adjust-
ment of the landmass, ca. 9000 BP; and 4) develop and refine
transfer functions to document climate changes that affected
the area and, ipso facto, develop a sophisticated tool capable
of documenting the interaction of water masses with the ter-
restrial domain.
Anderson and Lewis (1992) proposed a theory, based on
previous work (Lewis et al., 1988; Lewis and Anderson, 1989),
that drainage of cold water from glacial lakes Agassiz and
Barlow-Ojibway into the Great Lakes and Goldthwait Sea
would have induced cold climates that had the effect of
delaying seasonal warming, reducing the growing season and
modifying the vegetation succession in the surrounding land.
They examined pollen records from around the Gulf of
St. Lawrence and found pollen anomalies that suggested a
vegetation response to a cold meltwater-capped Goldthwait
Sea at 10 000-8000 BP, namely an anomaly in Alnus cf. crispa
(green alder) in the Lower St. Lawrence-Gaspé Peninsula and
Baie des Chaleurs regions.
Previously, Richard and Labelle (1989) had proposed that
increased Alnus cf. crispa between 9500 and 7000 BP at a
site in Gaspésie was caused by a dry and/or stormy summer
climate that favoured frequent wild fires. Such conditions resul-
ted from more prevalent catabatic winds from the Laurentide
Ice Sheet situated just north of the St. Lawrence estuary.
Richard et al. (1992) presented evidence of Alnus cf. crispa-
dominated zones at other Lower St. Lawrence River sites and
favoured an interpretation of cold and dry conditions related to
the proximity of the Laurentide Ice Sheet, rather than to cold
meltwater drainage (Anderson and Lewis, 1992). By contrast,
Jetté and Richard (1992) proposed that the Alnus cf. crispa
zones at sites along the north side of Baie des Chaleurs indi-
cated that vegetation migration was delayed by a cool and
wet rather than cool and dry climate attributable to the proxi-
mity of the Laurentide Ice Sheet.
Island Lake, near the head of the Baie, is ideally located to
register and document the effect of a cold water body on vege-
tation and climate. Transfer functions, developed using a mul-
tivariate analysis method (Guiot, 1990), provide quantitative
climate values that allow us to document the amplitude of this
interaction and monitor the effect.
The site can also provide information on the sea-level his-
tory of the Baie des Chaleurs since deglaciation. Syvitsky
(1992) suggested an early Holocene low sea level, possibly
90 m below present-day limits in Baie des Chaleurs.This event
occurred about 9000 years ago, following deglaciation and
isostatic adjustment of the landmass and is based on the inter-
polation of the rebound rates presented by Rampton et al.
(1984) and Gray (1987), and on terrestrial evidence. Sediment
changes and palynological investigations at Island Lake pro-
vide information on sea-level fluctuations and contribute to a
better understanding of the postglacial history of Baie des
Chaleurs.
This integrated study combines results from different envi-
ronmental components: vegetation history, sea-level fluctua-
tions and climatic reconstruction. Such integrated studies are
essential in the development of new methodologies needed to
document the subtle interactions between land and sea and




Island Lake (47° 49’ 30” N, 66° 11’ 00” W; NTS 21 O/16) is
located near the head of Baie des Chaleurs, about 40 km sou-
theast of Campbellton, northern New Brunswick, at an eleva-
tion of 290 m. The lake occupies a small (3 ha) kettle in an
area of hummocky, stagnant ice terrain, situated in the
Appalachian Mountain region between the Gaspésie Plateau
and the Matapedia Plateau (Fig. 1). The deepest water (9 m)
at the centre of the lake is south west of a gravel ridge pro-
truding from the shore. The lake is situated in a transitional
zone between two mixed forest types: one characterized by
sugar maple (Acer saccharum), yellow birch (Betula allegha-
niensis), spruce (Picea glauca) and balsam fir (Abies balsa-
mea); and the other by sugar maple, yellow birch, white pine
(Pinus strobus) or beech (Fagus grandifolia) (Loucks, 1961;
Rowe, 1972). Such sites, in transitional position, can register
vegetation movements and document climatic fluctuations
through time.
Baie des Chaleurs today is a broad, shallow basin cha-
racterized by inner and outer sills, which are at water depths
of 22 and 90 m, respectively. The inner basin (Restigouche
Channel) is 33 m deep at its deepest point, and the outer
basin reaches 135 m.The bathymetry of the baie is illustrated
in Figure 1 (after Syvitsky, 1992).
CLIMATE
Today’s climate in this area is mild and influenced by the
presence of Baie des Chaleurs. Mean July and mean January
temperatures are 17.1 °C and -13.7 °C, respectively. Annual
precipitation reaches 1 080 mm per year (Environment
Canada, 2002).
POSTGLACIAL HISTORY 
The postglacial history of the Baie des Chaleurs is com-
plex. Some researchers are in agreement with some phases
of this history, whereas other phases await consensus
because their interpretation is based on circumstantial
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evidence and not on direct measurement. There seems to be
a consensus on the ice sheet retreat phase. According to
Schafer (1977), Late Wisconsinan ice retreated ca. 14 000 BP,
and, according to Rampton et al. (1984), was completed by
12 100 BP. Josenhans and Lehman (1999) suggested that by
12 200 BP ice-proximal sedimentation had ceased in the outer
part of the baie. Glaciers had retreated into shallow water or
behind fiord sills. Richard et al. (1997) revised the deglacial
chronology of the Gaspé Peninsula based on AMS dates of
terrestrial plant matter in lake sediments throughout the area.
They postulated that a significant amount of ice covered the
Peninsula until after 10 000 BP with final deglaciation occur-
ring between 9500 and 9000 BP. This raises the possibility
that late ice persisted in the New Brunswick Highlands well
after the age of 12 100 BP reported by Rampton et al. (1984).
An organic layer buried by what was interpreted as glacial till
and dating to 11 500 BP was reported in the southern part of
the Highlands (Lamothe, 1987; McNeely and McCuaig, 1991,
p. 32) indicating the presence of late ice in the area. As well,
a lake reported by Mayle et al. (1993) in the southern
Highlands with a basal AMS date of 11 100 BP and a record
of the Younger Dryas cold interval indicates that glaciers may
have occurred in that area just prior to that time. Studies by
Stea and Mott (1989, 1998) led them to postulate that glacial
ice covered some areas of the Maritimes during the Younger
Dryas cold interval (10 800-10 200 BP). This raises the pos-
sibility that late ice also remained in parts of northern New
Brunswick until after 10 000 BP as well.
Because sea level was eustatically depressed as the ice
sheet retreated, a low salinity lake is postulated to have occu-
pied Baie des Chaleurs ca. 12 700 BP (Rampton et al., 1984).
Shortly after this phase, marine incursion occurred between
12 700 and 12 000 BP (Pronk et al., 1989). Marine regression
followed as a result of isostatic adjustment of the landmass
and despite eustatic sea-level rise, although timing awaits a
consensus. According to Schafer (1977), marine regression
would have occurred about 10 000 to 8000 years ago. Bail
(1983) concluded that relative sea level fell to -10 m in the early
Holocene. On the other hand, Rampton et al. (1984) and
Syvitsky (1992) are more specific, suggesting 10 000 and
9000 BP, respectively, for this event. The latter author bases
his interpretation on the depth of the outer sill (-90 m), on the
presence of fluvial channels in glaciomarine sediments to this
depth, and on the interpolation of the terrestrially determined
rebound rates of Gray (1987) to a water depth of -90 m. Dyke
and Peltier (2000) treat this figure with caution as it is excessive
when related to other shorelines around the Gaspésie region.
They suggest that the shoreline was below sea level but by
less than 20 m and certainly by less than 40 m. A more recent
bathymetry survey revealed that the channels are not fluvial,
but are parallel flutes probably formed by tidal currents (Shaw
et al., 2002). A submarine moraine with a bevelled surface at
-45 m, and undisturbed glacial morphology below this depth
(Syvitsky, 1992), suggests that this is the regression depth for
the bay (Shaw et al., 2002).
Early and middle Holocene marine transgression brought
the sea to its modern level (Syvitsky, 1992).
METHODOLOGY
PALYNOLOGICAL ANALYSIS
In August 1978, Mott obtained a 7.5-m core from below
9 m of water in Island Lake using a modified Livingstone sam-
pler (Livingstone, 1955; Wright et al., 1965). The sediments
were subsampled at 20 cm intervals and, after the first round
of analysis, some subsampling was done at intermediate
levels.The subsamples were treated using a modified Erdtman
method: 10 % hydrochloric acid (HCl), 10 % potassium
hydroxyde (KOH), 48% hydrofluoric acid (HF), 50% HCl, 10%
KOH and acetolysis (sulphuric acid and acetic anhydride)
(Faegri et al., 1989).The residues were mounted and counted
in silicone oil. Pollen percentages were calculated on a sum
excluding hydrophylous taxa and Pteridophyta (Berglund and
Ralska-Jasiewiczowa, 1986). As seen in the pollen profile, the
pollen sum used for percentage calculations approached or
exceeded 500 grains except in the lower less organic sedi-
ments where the sum ranged between 200 and 300 grains. In
the lowest sample in laminated clay, less than 100 grains were
counted. Determination of pollen concentrations followed the
method developed by Benninghoff (1962), using the pollen of
Eucalyptus globulus.
Preparations were counted at a magnification of 400X and
increased to 640X to help with difficult identifications. Results
of pollen analysis were recorded using the TILIA spreadsheet
and the pollen diagram was created using TILIA*GRAPH
(E.C. Grimm, Illinois State Museum, Springfield, Illinois).
To simplify the pollen diagram, small counts of various taxa
were grouped as “Other thermophilous trees”, “Other shrubs”
and “Other herbs”. The Lycopodiaceae column combines
various Lycopodium species; Pteridophyta includes all fern
taxa except Sphagnum, and the aquatics column combines
all hydrophylous taxa. Lithology is based on visual appearance
and properties of the sediments.
PALEOCLIMATIC RECONSTRUCTION
Paleoclimatic reconstruction was derived using a multiva-
riate analysis method. This method, fully described by Guiot
(1990), provides a climatic reconstruction using the best
modern analogs closest to fossil values.
The method has been adapted to the Canadian context by
integrating information from more than 1 100 Canadian
modern surface samples and 1 200 meteorological stations.
Meteorological data used to link modern vegetation to climate
are mean July and mean January temperatures and total
annual precipitation, as average values compiled for the last
35 years. In order to offer all possible scenarios for the recons-
truction, the complete Canadian dataset was used to provide
modern analogs representative of a broad range of climatic
domains: wet cold, wet warm, humid cold and humid warm.
Forty different taxa covering all vegetation domains were used.
Total annual precipitation provides a record of the availability
of moisture in the system. It is indirectly linked with fluctua-
tions in the groundwater level.
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RESULTS
SEDIMENTS
The sequence is described as follows: algal gyttja from the
surface to a depth of 400 cm; finely laminated dark gyttja from
400 to 508 cm; light calcareous laminated gyttja from 508 to
531 cm; finely laminated dark gyttja from 531 to 642 cm; orga-
nic silty clay from 642 to 660 cm; and grey laminated clay from
660 to 750 cm.
RADIOCARBON DATING
Dating was done by conventional methodology at the
Geological Survey of Canada and accelerator mass spectro-
metry (AMS) at Beta Analytic (Florida).The dates are listed in
Table I. There is a discrepancy between two dates from the
base of Island Lake. One dates the maximum in willow (Salix)
(9920 ± 60 BP; Beta-70672 on willow twigs at 650 cm), and
the other dates the maximum of poplar/aspen (Populus)
(GSC-2748; 12 300 ± 210 BP on lake sediment from 633 to
638 cm). At Lac à Raymond (Table I), on the north shore of
Baie des Chaleurs, a maximum in willow (Salix) pollen at the
base of the sequence was dated at 12 000 ± 240 BP by
conventional dating on gyttja (GSC-4922) (Jetté and Richard,
1992). It was also dated at 10 150 BP (TO-1613) by the AMS
methodology on willow twigs. The discrepancy between the
AMS date on terrestrial remains and the conventional date on
gyttja was attributed, at that lake, to “hard-water effect” com-
mon in recently deglaciated terrain.
The date of the willow (Salix) maximum at Island Lake
(9920 ± 60 BP; Beta-70672) is in agreement with the date of
the willow maximum at Lac à Raymond (10 150 ± 220 BP;
TO-1613). This is to be expected for two lakes located on the
south and north shores of the same bay because willow has
light fluffy seeds that are easily dispersed.
The date of 12 300 ± 210 BP (GSC-2748) for the poplar-
aspen (Populus) maximum at the base of Island Lake is consi-
dered to be anomalous and a discrepancy of more than 2300
years can be attributed to hard-water error.
The date of 8650 ± 100 BP at level 495 to 505 cm of Island
Lake could also be too old. Presence of carbonate-bearing
sediment has been detected at 465 cm, above the level dated.
This date was not used for the determination of sedimenta-
tion rates for the base of the sequence.
The chronology of events is calculated by applying a linear
sedimentation rate of 0.078 cm/yr determined between the
date of 5940 BP (340 cm) and the date of 9920 BP (650 cm)
and 0.057 cm/yr for the last 5940 years.
PALYNOLOGICAL ANALYSIS
Results from the pollen analysis are presented as a pol-
len diagram (Fig. 2). The pollen sequence has been divided
visually into 8 pollen zones. Zone 1 (735 to 657.5 cm), zone 2
(657.5 to 637.5 cm), zone 3 (637.5 to 627.5 cm), zone 4 (627.5
to 610 cm), zone 5 (610 to 580 cm), zone 6 (580 to 470 cm),
zone 7 (470 to 150 cm) and zone 8 (150 cm to the present).
Zone 6 has been divided into 3 subzones to illustrate brief but
important changes in vegetation succession. Some of the
zones are short-lived indicating high rates of change, espe-
cially for the basal part of the sequence. The zones are well-
defined and represent specific stages in the vegetation suc-
cession of the area.
Zone 1 (735 to 657.5 cm; before 10 150 BP). Herb pollen
zone. Brownish grey clay and laminated clay.
High levels of Oxyria digyna, Artemisia (sage) and
Cyperaceae (sedges) characterize this interval. Other herbs
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grasses are present with some shrubs such as willow (Salix)
and alder (Alnus). Pollen concentrations are low, less than
20 000 grains/cm3.
Tree pollen of Picea and Pinus (spruce and pine) present
in the basal part of the zone are attributed to long-distance
transport. Higher in the sequence, the representation of herbs
and shrubs increases and the long-distance transport com-
ponent becomes gradually less important.
The assemblage is characteristic of arctic-alpine environ-
ments. The best modern analogs for this type of assemblage
are found today in the herb tundra assemblages of Victoria
and Banks Islands in the Canadian Arctic. The inferred mean
July temperatures are between 7 to 9°C and the inferred mean
January temperature is -23.8 and -32 °C. Dry conditions (pre-
cipitation of about 150 to 266 mm/yr) prevailed. The climate
was dry and cold. The values for the basal sample are too
anomalous to be considered.
Zone 2 (657.5 to 637.5 cm; ca. 10 150 to 9920 ± 60 BP)
Shrub pollen zone. Dark grey organic silty clay.
The Betula (birch), Salix (willow) and Cyperaceae pollen
assemblage zone is a well defined level rich in shrubs such as
Salix, Betula and Alnus (alder). Herbs (sedges, grasses and
Artemisia) are still present. Rumex, Thalictrum, Urticaceae
and other herbs reach their maximum values in this zone.
Pollen concentration is low at 655 cm (35 000 grains/cm3) but
rises gradually to 90 000 grains/cm3.
Zone 2 is interpreted as a shrub tundra assemblage with a
well defined peak of Salix at 650 cm. Modern analogs for these
assemblages are found in the shrub tundra of the Yukon and
northern Québec. Mean July temperatures of 9 to 11.5°C and
mean January temperature of -23.7 to -30.6 °C are inferred
for this zone. Precipitation is still low but slightly higher (185 to
450 mm/yr) than for the previous zone.
Zone 3 (637.5 to 627.5 cm; ca. 9920 to 9820 BP) Populus
(poplar/aspen) pollen assemblage zone (Pioneer forest).
Dark brown to black gyttja.
Zone 3 is characterized by the sudden disappearance of
herbs and shrubs and by high values (more than 50 %) of
Populus. Some Betula (birch), Picea (spruce) and Juniperus
(juniper) pollen grains are also present. Pollen concentrations
double between 635 cm (90 000 grains/cm3) and 630 cm
(220 000 grains/cm3), during the Populus maximum.
This assemblage characterizes an open pioneer forest of
poplar/aspen. Poplar and aspen produce seeds that are easily
disseminated by wind or water and these species can spread
rapidly in the absence of competition.The poplar/aspen stage
was probably very short-lived. No close modern analog exists
for this type of forest; the best modern analogs found are from
northern Québec (Poste-de-la-Baleine in 1964, but now
Kuujjarapik/Whapmagoostui) and from the Yukon Territory.The
mean July temperatures inferred vary from 12 to 15°C and the
mean January temperatures vary from -22 to -26°C while the
inferred annual precipitation varies from 300 to 800 mm/yr.The
reconstruction suggests cold wet (Québec, close to James
Bay) and cold dry (Yukon) assemblages. Because the general
trend of the precipitation curve is rising, the cold and wet
reconstruction is favoured.
Zone 4 (627.5 to 610 cm; ca. 9820 to 9700 BP). Picea
(spruce) pollen assemblage zone (Pioneer forest). Dark grey
to black gyttja.
Dramatic diminution of Populus (Poplar/aspen) and repla-
cement by Picea pollen (55%) characterizes this zone. Some
birch (Betula) and alder (Alnus) were present in the landscape.
Pollen concentration reaches 130 000 grains/cm3.
Due probably to interspecific competition, an open forest of
spruce rapidly replaced the pioneer forest of poplar/aspen.
The open spruce forest also contains some birch and alder.
Poplar/aspen was still present, suggesting open or disturbed
forest. Modern analogs for this type of forest are found in the
open spruce forest around Lac Delorme area, Nouveau-
Québec, and in eastern Labrador.
Inferred mean July temperatures are 13.5 and 14.6°C while
mean January temperature is -20°C for Island Lake at that time.
Inferred mean annual precipitation is 800 and 1 015 mm/yr.
Zone 5 (610 to 580 cm; ca. 9700 to 9450 BP). Picea
(spruce), Betula (birch) and Alnus (alder) pollen assemblage
zone. (Open northern boreal forest). Black, finely laminated
algal gyttja.
Alnus crispa (33%), Betula (30%), some Picea (20%) and
Abies (fir) (2 %) characterize this interval. Pollen concentra-
tion reaches 550 000 grains/cm3. Alder, birch, spruce and fir
dominated a boreal forest at this time.The high pollen concen-
trations found at this level indicate a more closed forest but
with open areas of green alder. The best modern analogs
found for the fossil assemblage are reported in the Sept-Îles
area, north shore of St. Lawrence River, Québec, and in the
Norman Wells area, Northwest Territories.
The inferred mean July temperatures are 15.7 and 16.9 °C,
the mean January temperatures are -21 and -13 °C, and the
mean annual precipitation rises from 832 to 1 125 mm/yr.
Zone 6 (580 to 470 cm; ca. 9450 to 8100 BP). Betula (birch),
Alnus (alder) and Abies (fir) pollen assemblage zone (boreal
forest).
High levels of Alnus crispa, Abies and Betula pollen domi-
nate Zone 6. Populus is still present. Pollen concentrations
oscillate between 400 000 and 500 000 grains/cm3.Three sub-
zones (6a, 6b and 6c) have been defined within the zone to
highlight three different vegetation successions at the site.
Subzone 6a (580 to 531 cm; ca. 9450 to ca. 8500 BP). Betula,
Alnus, and Abies assemblages (boreal forest). Soft, black
gyttja. The representation of Alnus and Abies increases dra-
matically while Picea and Populus decline. Pollen concentra-
tions vary from 400 000 to 500 000 grains/cm3. This mixed
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forest assemblage indicates a cold and humid boreal forest
of fir, birch and alder.The best modern analogs found are from
northern Québec.
Climatically, this subzone is characterized by a marked
decline of the mean July temperature from the previous level
(16.9°C) to as low as 14.6°C. Mean January temperature also
declines suddenly from -12 °C to -16.8 °C while the annual
precipitation increases dramatically to 1 370 mm/yr.
Subzone 6b (531 to 508 cm; from ca. 8500 to ca. 8400 BP).
Alnus and Betula assemblages with increased amounts of
Betula, Alnus, Populus and Pinus (pine). A short-lived rever-
sal to drier conditions is noted. This is seen as a decline of fir
and an increase in alder, poplar/aspen and jack pine (Pinus
banksiana/divaricata). A sediment change from dark gyttja to
light laminated gyttja between 508 and 531 cm parallels this
change. According to sedimentation rates, this interval lasted
only a century, and the drier conditions and sediment change
may have lowered water levels in the lake.
Climate was warmer and drier and, for the first time in the
sequence, the best modern analog is found in New Brunswick.
During that time (ca. 8400 to ca. 8100 BP), mean July and
mean January temperatures rose to 18 and -11.8 °C, respec-
tively, warmer than the present in this area, while annual pre-
cipitation declined to as low as 1 048 mm/yr.
Subzone 6c (508 to 470 cm; from ca. 8400 to ca. 8100 BP).
Alnus, Abies and Betula assemblages. Soft, black gyttja. Pinus
and Populus diminish while Alnus and Abies increase. Betula
is still an important component. This assemblage indicates a
cold and humid boreal forest of fir, birch and alder. The best
modern analogs are from Québec.This is a reversal to condi-
tions similar to those in place during subzone 6a.
Climatically, this subzone is characterized by a decline of
the mean July temperature from the previous subzone (18°C)
to between 16.4 and 17.4°C. Mean January temperatures also
decline from -12.3 °C to -14.9 °C while the annual precipita-
tion increases slightly (between 1 036 and 1 147 mm/yr).
Zone 7 (470 to 150 cm; ca. 8100 to ca. 2800 BP). Pinus,
Betula and thermophilous taxa pollen assemblage zone
(mixed coniferous-deciduous forest).
Black to dark brown, soft, algal gyttja of this zone is cha-
racterized by relatively high values of Pinus (pine), mainly
Pinus strobus (white pine type), Betula (birch) and various
thermophilous species such as Tsuga (hemlock), Quercus
(oak), Ulmus (elm) and a variety of Acer (maple) taxa. Some
Alnus (alder) is still present. Pollen concentrations vary bet-
ween 200 000 and 600 000 grains/cm3.
These assemblages can be found today in mixed conife-
rous-deciduous forests of New Brunswick and southern
Québec. Early in the zone, the presence of white pine and
other thermophilous taxa indicate conditions that were war-
mer than the present in the area.The gradual decline of these
thermophilous taxa, from the base to the top of this zone, is
indicative of a cooling trend.
At the base of the zone, the inferred climate shows a maxi-
mum in the mean July temperature of 18.2 °C and a minimum
in the mean January temperature of -11.5 °C. These values
gradually decline with time. The mean January temperature
decline of 2.2°C is more pronounced than the mean July tem-
perature decline of 0.8 °C for that length of time.This period is
also characterized by the lowest values in annual precipita-
tion with minimal lows at 5940 BP and ca. 3000 years ago.
Zone 8 (150 cm to 0 cm; from ca. 2800 BP to the present).
Betula (birch) and Fagus (beech) pollen assemblage zone
(Mixed deciduous-coniferous forest).
Dark brown algal gyttja with some plant detritus characte-
rizes this zone. High values of Betula (birch), some Abies (fir),
some Picea (spruce) and Fagus (beech) characterize this
zone. Pinus representation continues to decline while Picea
and Abies increase regularly. This trend is also highlighted by
the decline of various thermophilous taxa such as Quercus,
Ulmus, Fraxinus and Tsuga. The arrival of beech in the area
reflects the slow migration rate of this species.
The general trend for this zone is a gradual cooling but
variable. There is in excess of a 1 °C variation for mean
January temperature and a variability of more than 1.0 °C
cooling for the mean July temperature from the beginning to
the end of the zone.
PALEOCLIMATIC RECONSTRUCTION
Table II presents the results of the paleoclimatic recons-
truction with information on the modern pollen analogs used
as reference data. Figures 3A and 3B present the climatic
curves (mean July temperature, mean January temperature
and annual precipitation) inferred from transfer functions using
the link between pollen assemblages and climate.The curves
are presented in relation to pollen zonation, regional chrono-
logy and vegetation reconstruction.
The column Dmin in Table II reports the mathematical dis-
tance compiled between the modern analog and the fossil
spectrum. Distances less than 50 are considered satisfactory
while distances greater than 50 must be interpreted cautiously.
All reconstructions below 630 cm (Zones 1-3) show a Dmin
greater than 50, indicating a large mathematical distance bet-
ween the fossil spectra and the modern analogs. This is typi-
cal of postglacial fossil assemblages for which no modern pol-
len analog exists today. Species, at that time, were migrating
north following ice retreat, each species migrating at its own
rate and, due to these different rates of migration, reached
northern New Brunswick at different times. Therefore, there
was a time lag between ice retreat and the time when all the
species were present in the landscape. In northern New
Brunswick, this lag would cover from deglaciation to approxi-
mately 9500 BP. From that time to the present, the main vege-
tation components were in place and pollen assemblages can
be used to reconstruct the main elements of climate.This cor-
responds with the interval having Dmin values less than 50.
The analogs are found either in New Brunswick, in Gaspésie,
or elsewhere in Québec, giving a stable climate close to the
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1 026.07
   841.52
   343.29
   613.63
   601.98
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Depth – Depth in cm of Island Lake core; Tjal - January lower temperature; Tjan – Average January temperature;  Tjau – January upper temperature; Tjul – July lower 
temperature; Tjul-1 – Average July temperature; Tjuu – July upper temperature; Ptol – Annual precipitation lower value; Ptot – Total average annual precipitation; Annual 
precipitation upper value; Ptou – Annual precipitation upper value; Dmin – Calculated mathematical distance; ANLG – Analog site from data base; Long. – Longitude of 
analog site; Lat. – Latitude of analog site; Code – Field reference number if any; Name – Name of the analog site if any; Location – General location of the analog site 
(NB: New Brunswick; Nfld: Newfoundland; NL: Newfoundland and Labrador; ON: Ontario; QC: Québec; NT: Northwest Territories; NU: Nunavut; YT: Yukon Territory).
TABLE II
Paleoclimate reconstruction with climate data for modern pollen analogs
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modern one. The exception is zone 6 (between 9500 and
8100 BP) where for some levels of this zone (515-530, 555,
575-585 cm), the distance is often close to 50 and sometimes
larger. This lack of good analogs could be responsible for the
variability of precipitation and temperature for January, July
remaining more stable. Levels 245-305 cm in zone 7 are also
characterized by large distances, but their climate estimates
are not significantly different from the previous and following
levels, making them more realistic.
DISCUSSION
Following deglaciation, herb tundra colonized the area sur-
rounding Island Lake. No reliable basal date has been obtai-
ned for this event. However, lake sites located in west central
New Brunswick record a warm interval dating about 11 100 BP
succeeded by a cold interval between approximately 11 000
and 10 000 BP (Mott et al., 1986; Mayle et al., 1993; Mayle
and Cwynar, 1995) that is not seen at Island Lake.This would
suggest that the onset of organic sedimentation at this lake
started just prior to 10 000 BP. The climate was cold and dry.
Sedges (Cyperaceae), grasses (Poaceae) and herbaceous
plants were characteristic of the area. By 9920 ± 60 BP, shrub
tundra dominated by willow (Salix) and birch (Betula), proba-
bly shrub birch, colonized the area when the climate was still
cold and dry.
From about 9900 to 9800 BP poplar/aspen (Populus) colo-
nized the area as a pioneer species. Temperature and preci-
pitation rose gradually. Around 9700 BP, spruce (Picea) repla-
ced poplar/aspen as the dominant tree type, probably as a
result of interspecific competition. Poplar/aspen needs open
space with maximum exposure to light and does not tolerate
competition.
From 9700 to 9450 BP, a boreal forest of spruce, alder
(Alnus), fir (Abies) and birch (Betula) occupied the landscape.
The climatic reconstruction shows a gradual rise in mean July
and January temperatures up to values of 16.9 and -8.7 °C,
respectively. During this period, the mean January temperature
switched suddenly from -20.7 to -8.7 °C. This is tentatively
associated with the final disappearance of regional ice on
the plateau of northern New Brunswick and on the Gaspé
Peninsula (Richard et al., 1992, 1997).
At 9450 BP, there was an abrupt local climatic deterioration.
The vegetation cover changed from a boreal forest of alder, fir,
birch and spruce to a forest of fir and alder. Mean July and mean
January temperatures dropped significantly and the annual pre-
cipitation curve records a dramatic increase. The timing of this
event can be linked with the discharge, into the Great Lakes
and Goldthwait Sea, of cold water from glacial Lakes Agassiz
and Barlow-Ojibway into the Gulf of St. Lawrence (Anderson
and Lewis, 1992). Although cold water conditions are reported
in the Gulf of St. Lawrence during the Younger Dryas cold event,
there is little evidence of cold water influx from glacial lake after
10 000 BP (de Vernal et al., 1993). However, close examina-
tion of the inferred temperature at one site in Cabot Strait repor-
ted by de Vernal et al. (1993) does show a slight cooling coin-
cident with the time of glacial lake water influx reported by
Anderson and Lewis (1992).The proximity to a large and colder
body of water in the southern Gulf and Baie des Chaleurs, was
probably sufficient to change the vegetation composition of the
area surrounding Island Lake, and to induce a lowering of the
temperature of the warmer and the colder months by 2 and
3°C, respectively. Sea level was probably closer to the study
site than at present because the land was still isostatically
depressed. The proximity of cold water with warm air created
foggy conditions that favoured alder and fir. This is detected
and translated by the multivariate analysis as an increase in
annual precipitation.
This perturbation is well defined in the earlier part of the
discharge, from about 9450 to 8500 BP and ceases for a cen-
tury, from about 8500 to about 8400 BP. During this period, the
vegetation composition reversed in response to warmer and
drier conditions. Climatic reconstruction indicates high values
of 18°C and -11.8°C for mean July and January temperatures,
respectively, and lower values for annual precipitation. Possibly
the cooling effect of cold water in the Baie des Chaleurs cea-
sed during a period that seems to have lasted about 100 years
(according to rates of sedimentation determined by the local
chronology). A sedimentological change from soft black gyttja
to dense brown gyttja seems to indicate that the groundwater
level was lower than before at the site during that period. For
this short interval in the order of 100 years, cold water may not
have reached Baie des Chaleurs, and the baie was at a low
stand due to the interplay between isostatic rebound and eus-
tatic sea-level rise.
According to Syvitsky (1992), sea level was at a low stand
of -90 m in Baie des Chaleurs. Based on the interpolation of
the isostatic-rebound rates of Gray (1987), Shaw et al. (2002)
estimated that the low stand occurred at about 9000 BP.
According to this study, the low sea-level stand in Baie des
Chaleurs occurred about 8500-8400 BP. However, this is an
interpolated age. Because of the lack of precise chronology,
the length of this interval is speculative. Four sites from the
Gaspé Peninsula just north of the Baie des Chaleurs reported
by Jetté and Richard (1992) show similar sequences of events
following the basal assemblages dominated by herbaceous
taxa. Successive peaks in Salix (willow), Betula (birch) and
Picea (spruce) pollen are followed by an interval dominated by
Alnus crispa (green alder) pollen. Unfortunately, the lack of
sufficient detail in the pollen profiles and imprecise chrono-
logy preclude identifying the equivalent of Zone 6b in these
profiles.
By 8400 BP, the vegetation surrounding Island Lake reflec-
ted the cooling effect of a large body of cold water in Baie des
Chaleurs that lasted until 8100 BP. The study site was closer
to the sea than today and the vegetation record indicates that
the climate was more humid possibly as a result of wides-
pread foggy conditions around the bay.
This demonstrates the close interaction between the land
and large bodies of water and the strong effect of the pre-
sence of cold water on the vegetation. This is more apparent
in the mean January temperature profile (2 °C lower) than the
mean July temperature profile (1 °C lower).
From 8100 BP to the present, the vegetation responded to
changes in regional climate.Temperature decreased gradually
with time with a possible recess ca. 1200 years ago when a
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slight warming is recorded for both the mean July and January
temperatures (18.1 °C and -13.1 °C), as compared with pre-
sent values.
The total precipitation curve for this site demonstrates that
the mid-Holocene, from about 8100 to 2800 BP, was charac-
terized by the driest conditions for the last 10 000 years. This
condition, culminating ca. 6000 BP could also be interpreted
as an indication that the sea was still rising in this area or that
the land was still oscillating due to isostatic rebound.
CONCLUSION
Results from sedimentological observations, palynological
investigations and climatic reconstruction made at Island Lake,
located near the head of Baie des Chaleurs, northern New
Brunswick, indicate that this lake recorded a suite of well defi-
ned events spanning the last 10 000 years.The interpretation
of these events contributes significantly to the postglacial his-
tory of eastern Canada and provides information that leads
to a better understanding of the subtle interaction between
the land and the sea in this area.
It is demonstrated that the vegetation surrounding Island
Lake, located close to the head of Baie des Chaleurs, and
quite far from the entrance of the baie and from the main
Atlantic water masses, was highly sensitive to the variation of
water in Baie des Chaleurs. This information has been trans-
lated into a suite of climatic variables monitoring the effect of
cold water on climate, moisture and vegetation.
The study area was also highly sensitive to water level fluc-
tuations in Baie des Chaleurs associated with isostatic adjust-
ment of the landmass and eustatic sea-level rise. A regional
chronology is presented. A short period of about 100 years
between about 8500 and 8400 BP when the regional ground-
water table may have been lowered as a result of lower sea
level in Baie des Chaleurs is suggested. A date of about
8400 BP is proposed for this possible low sea-level stand.
This study is a first step in developing new methodologies
needed to quantify the amplitude of past environmental
changes and to better understand and quantify the subtle
interaction that exists between climate, biota and the beha-
viour of large bodies of water.
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